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@ Pharmaceutical composition based on crotoxine, process for preparing the active component and 
the pharmaceutical composition. 

® Crotoxine complex sub-units A and B obtainable by chromatograpliic isolation from the crude venom of 
Crotalus Durissus Terrificus. is useful for the treatment of carcinomes and vascular, infectious or endocrinous 



2 disorders, such as diabetes, and for treating pain in general. 
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PHARMACEUTICAL COMPOSITION USEFUL FOR THE TREATMENT OF CARCINOMES AND OTHERS 
.LNESSES AND PROCESS FOR PREPARING THE ACTIVE COMPONENT AND THE PHARMACEUTICAL 

COMPOSITION. 



Summary of the Invention 

An object of the instant invention is a procedure for separating and purifying sub-units A and B of the 
crotoxine complex obtained from crude venom of Crotalus Durissus Terrificus 

A further object of said invention is a method for the treatment of vascular and endocrinous illnesses, 
infections and carcinomas with said sub-units A and B obtained and purified according to said procedure. 

A further object of said invention is to provide pharmaceutical compositions formulated on the basis of 
said sub-units A and B as active agent in a pharmacologically acceptable vehicle. 

Technical Field of the Invention 

This invention refers to pharmaceutical compositions useful for the treatment of carcinomes, vascular, 
infectious and endocrinous illnesses and applicable also as analgesics, which comprise as 
therapeuticaiagent the crotoxine complex sub-units A and B obtained from the crude venom of Crotalus 
Durissus Terrificus in a pharmacologically acceptable vehicle. The invention also refers to a process for 
obtaining units A and B of said complex from said crude venom, and to a method of preparation of said 
pharmaceutical compositions and to methods of treatment of carcinomes and said other illnesses by 
administering pharmacologically efficient amounts of said compositions, and to a process for preparing the 
above mentioned compositions. 



Antecedents of tine Invention 

We have been applying the crotoxine sub-units A and B obtained with the method of this invention for 
four years, particularly in the treatment of cancer. 

To this date results have been very good, with high percentages of objective response and overlife, as 
will be detailed hereinafter. 



Description of Prior Art 

The analgesic effect of serpent venom has been known since antiquity and numerous authors have 
pointed out the efficiency of the administration of crude cobra and rattle-snake venom in the treatment of 
neuralgias of the trigeminous. tabetic and tumoral algias. In the case of tumoral algias, patients could be 
maintained without the administration of morphine and without pain in 70 per cent of the cases. 

However, few authors followed up these patients. The appearance of new analgesics cast aside 
research in this field and the progress of chimiotherapy led to the abandoment of research in the possible 
antineoplassic action of venoms. Obviously, at that time raw venoms were employed without an adequate 
classitication. Sometimes, cobra venom from India or South Africa were employed indistinctly with 
unpredictable results. 

Independently, the tirst citotoxic component to be isolated and purified to homogeneity from serpent 
venom was citotoxine. obtained by BRAGANCA et al (1967) from Naja naja venom. Later on. TAKECHI et 
al (1971) isolated two citotoxines from the same venom having high citopathogenic activity on tumoral cells. 
GILLO (1966), WIRTHEINER & GRILLO (1966), BRISBOIS et al (1968). proved that the Naja naja venom 
inhibits growth of tumors in animals (mice) as the tumoral cells are incapable of proliferating, although said 
cells are not destroyed. 

However, the complexity in the composition of venoms and the absence of adequate control led 
researchers to believe that the citotoxic action would not be selective when confronted with tumoral cells. 

In contrast witii citotoxins from venom of elapids (for example, cobras), which are peptides of 59-62 
strongly basic aminoacids, venom from crotaiids does not contain basic peptides and its citotoxic activity is 
related to other components. 
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The fraction identified as "crotoxine" fronn the venom of Crotalus Durissus Terrificus was Isolated firstly 
by SLOTTA and FRAENKEL-CONRAT (1938) by thermal treatment of the venom and precipitation of 
alcohol. This fraction, which could be crystallized with pyhdyin-acetic acid to pH 4.5. and the studies on 
free electrophoresis (LI & FRAENKEL-CONRAT) and ultracentrifugatlon (GRALEN & SVEDBERG, 1938) did 
5 not illustrate gross unhomogeneities and allowed said fraction to be considered as a homogenous chemical 
entity. 

In 1971, two research groups proved that "crotoxine" is in fact a complex formed by two main 
components (RUBSAMEN et al. 1971; HENDEN & FRAENKEL-CONRAT. 1971). One of said components is 
a Phospholipase A2 having a molecular weight of 16300 and isoelectric point 9.7, also named Crotoxine B 
10 (for basic). The other of said components is a peptide having a molecular weight of 8500 and isoelectric 
point of 3,5, and lacking in enzimatic activity, named as Crotoxine A (for acid). 

As from March 1981, we initiated a different methodology to obtain in our laboratory the two sub-units A 
and B of the crotoxine complex. 

We have separated Phospholipase A2 Basic (crotoxine B) and the acid sub-unit (Crotoxine A) as from 
75 Crotalus Durissus Terrificus venom with a procedure consisting in: 

(1) Chromatography on Sephadex G-75 at pH 4.5, and 

(2) Exchange Chromatography on Cm-Sephadex C-50 and elutlon with a concave gradient having an 
ammonia formiate molarity of 0.1 to 1.0 M (pH 3,5) followed by a linear gradient (1.0 to 3.0 M) of the same 
absorber. In this step the following components separate: 

20 1) Crotoxine A; 

2) A2 Phospholipase having an isoelectric point of 4.1; 

3) A third component identifiable as Crotamine (contaminant), and 

4) Basel phospholipase As (Crotoxine B) which is last to elide. ^ 
Crotoxine A is later purified by chromatography on DEAE-Cephadex A-50 with potassium phosphate 

25 (pH 6.5) as absorber. Phospholipase A2 basic (Crotoxine B) is purified by chromatography on CM-Sephadex 
c-50 (pH 3.5). 

The purified fractions are concentrated by ultra-filtration on membranes (Diaflo UM-10, AMICON CO., 
Bloomington, Ma., U.S.A) and balanced with CINa 0,15 by extensive dyaiisys. The purified components 
behave as homogeneous materials by electrophoresis in polyacrilamide get In the presence of sodium 
30 dodecifsulphate, high pressure chromatography as well as by aminoacids composition. In the interest of 
clarity, when referring to Sub-Units A and B. same correspond to : Crotoxine A (complementary peptide) 
and Crotoxine B (phospholipase A2) separated (isolated) or in complex form. 

35 Summary of the invention 

An object of this invention is a pharmaceutical composition useful for treatment of carcinomes, 
infectious, endocrinous and inflamatory illnesses and as analgesic, which comprises crotoxine complex sub- 
units A and S from crude venom of Crotalus Durissus Terrificus as therapeutic agent and a pharmacologi- 

40 cally acceptable vehicle. 

Another object of this invention is a process for obtaining said sub-units A and 8 from said crude 
venom, characterized in that it comprises separating by chromatography the crotoxine complex present in 
said venom; concentrating the fractions obtained when eluding the adsorbed crotoxine complex; dispersing 
in aqueous medium the non-soluble product precipitated in said concentration step; fractioning by 

45 chromatography sub-units A and B, chromatographing said dispersion in an adsorption column and eluting 
units A and B with a buffer solution of ammonium formiate having a pH of about 3.5, and purifying 
separated eluted fractions containing sub-units A and B, and eventually mixing said sub-units to form the 
crotoxine complex. 

A further object of this invention is a method of treatment of carcinomes, infectious, vascular and 
50 endocrinous illnesses, which is also useful for analgesic treatments in general, and which comprises 
administering to patients therapeutically efficient amounts of a pharmaceutical composition including 
crotoxine complex sub-units A and B in a pharmacologically acceptable vehicle. 

Still another object of this Invention is a process for preparing said pharmaceutical compositions. 
These and other objects, advantages and novel aspects of the present invention will be made evident 
55 through the below detailed description of the invention. 
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Detailed Description of the Invention 

The present invention is based on the discovery by the applicants of certain enzimatic properties of 
Sub-Units A and B of Crotoxine (Crotoxine A and Crotoxine B, respectively), pharmacodynamics (action 
mechanism) and pharmacokinetics. 



1 .-ENZIMATIC PROPERTIES 

A) Enzimatic Properties of Crotoxine B 

Crotoxine B is a phosphoiipase Aa and catalyses the hydrolysis of the ester union between the fatty acid 
and the alcohol hydroxy I of position 2 of the glycerol of 1.2-diacyl (1-alkenyl-2-acyl or 1-aIkyl-2-acyl)- 
sn-giycero-3-phosphoglycerids (pospholipids), in accordance with the following pattern: 

CH^-O-CO-R^ CH^-O-CO-R^ 



R^-CO-O-C-H Ca^* HO-C-H ^2'^^^^ 



2 



CH^O 0 CH--0 I 

\ / \ / 



P 

. / \ . / \ 

0 O-R3 0 0-R^ 

1 II III 

(Phospholipids) (Lysoderivative) Chatty acid) 

wherein Ri and Ra are fatty acid residues and R3 can be: 

H (phosphatidic acid), a polyalcohol (glycerol in phosphatidylglycerol, inositol in phosphatidilinositole) or a 
nitrogenated alcohol (coline in phosphatidylcoline, ethanoiamine in phosphatidylethanylamine, serine in 
phosphatidylserine). The reaction products are a free fatty acid (III) and the 1-acyl derivative (II) generally 
defined as lysoderivative (lysophos phatidinyicoline. iysophosphatidylethanolamine). The hydrolysis reaction 
is stereospecific, exhibiting position specificity by the ester union of C-2 of glycerol and requires specifically 
Ca^* ions as co-factor. 

The basic phosphoiipase Az (Crotoxine B) hydrolyzes phospholipids in different aggregation stages, 
such as short chain lecitines obtained by chemical synthesys. and very soluble in water, added as myceles 
as well as phospholipids with long-chain fatty acids (C15-C22) added as vesicles or as liposomes, or in 
biologically important structures such as liporproteines and biological membranes- Its specific activity on 
egg yolk iipoproteines (pH 8.0, 40*'C) is of 700 ml of hydrolyzed substrate/min/mg of protein. 

An important functional property in common with other lipolytic enzimes is that, in the presence of water 
solluble phospholipids, the substrate is united to the active place and the productive tertiary complex is 
formed in presence of Ca^"*". The catalyzed reaction is produced and the hydrolisys products are freed. 
When, the phospholipid is aggregated (micelles or vesicles), the enzime is adsorbed to the phospholipid- 
water interface with its active place oriented towards the ordered arrangement of substrate molecules, it will 
bind a monomer molecule and, in the presence of Ca^* ions, an interfacial tertiary complex will be formed. 
Catalization is produced by the same reaction mechanism but with a drastic increase in the hydrolysis 
speed (between 10.000 to 100.000 times). 

This increase in the hydrolysis speed resulting from the interaction of the enzime with aggregated 
substrate is named "interfactial activation" and its mechanism has not been completely elucidated. 

Crotoxine B is the crucial pharmacological agent of the crotoxine complex. It can reproduce all the 
effects of the complex but lacks specificity. The same occurs with regard to toxicity. (Please see 
hereinbelow). 





G 246 861 



B) Crotoxine 

Its properties concerning the crotoxine complex. 

Crotoxine A does not exhibit a detectable enzimatic or toxic activity, but it does exhibit two Important 
properties in what concerns the action mechanism of the complex, i.e.: a) when Crotoxine A is added to a 
solution of basic phospholtpase As (Crotoxine B) a highly stable complex is spontaneously formed (Kd=8.8 
X lO'^^M) having a reduced isoelectric point (4 - 4.5) and mollecuiar weight similar to that of the native 
complex, and 8) in the Crotoxine A complex, the enzimatic activity os phospholipase A2 is inhibited, but this 
occurs only when the substrate is in the aggregated state. 
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2.- Pharmacodynamics - Action Mechanism 

The hydrolisys of phospholipids in the form of aggregates or biological membranes requires the binding 
75 of basic phospholipase A2 to the phospholipid-water interface, and this binding is produced only after the 
dissociation of the complex. We have used crotoxine complex doubly marked (Crotoxine B with pss and 
Crotoxine A with H3) demonstrating that crotoxine B only bonds to membranes, while crotoxine A remains in 
the overfloat. We have found that the complex united in equal valence with dimethylsuberimidate loses the 
capacity to bind with membranes, although it still maintains phosphoiipasic activiy, 
20 We have proved that the catalytic place of Crotoxine B in the crotoxine complex is freely accessible to 
the monomeric substrate and maintains intact its functional capacity. 

However, isolated phospholie A2 is capable of firmly interacting with phospholipid-water interphases, 
while the complex with crotoxine A seems incapable of interacting with said interphases. 

The following conclusions can be arrived at from the above and other results: 
25 (a) The formation of the complex between basic phospholipase A2 and crotoxine A does not affect the 

structure and properties of the active place of crotoxine B, but prevents binding of the enzime to 
phospholipid-water interphases and consequently inhibits enzimatic hydrolysis of substrates in the form of 
aggregates of biological membranes. 

(b) The interaction of basic Phospholipase A2 (crotoxine B) with aggregated substrate depends on the 
30 exposition of a specific area in the surface of the functional enzime and topographically different from the 

active place." Only the free enzime. with that exposed surface, will be able to bind to interphases and 
hydrolize membrane phospholipids as well as exhibit the phenomenon known as "interphase activation". 

(c) This specific region of the enzime surface is the region covered by the formation of the complex 
with crotoxine A, which implies that the interaction between phospholipase A2 with interphases and crotoxine 

35 A are mutually excluding, i.e., the formation of the complex with crotoxine A prevents interaction of the 
enzime with membranes and the interaction of basic phospholipase A2 with membranes prevents the 
formation of the complex with crotoxine A. 

The observation of the citopathic effect of the crotoxine complex or Ehrlich ascitic tumor cells was 
fortuitous, but it was verified that concentrations in the range of 10"^^M produced complete lysis of a culture 
40 in an interval of 60 minutes. Essays were made with pre-screening and screening culture lines (Dr. A. 
Meyer, Medicine Academy) and the same effect was observed. However, the most surprising discovery was 
the poor citopathic action in hepatocites, fibropiastes and peritoneal culture cells. 
In what concerns the action mechanism, the following observations are essential: 

(a) Crotoxine B is the only component of the crotoxine complex capable of citophathic action on 
45 tumoral and also normal cells. In both cases, the addition of isolated crotoxine B produced evidence of 

cellular damage. 

(b) Citopathic action is related to the enzimatic activiy of crotoxine B. Selective blocking of the active 
place by treatment with p-bromophenacyl bromide (CAN2!AN! et al.. 1982) determines the annulment of 
citolithic activity. Discreet alterations were observed which appear to be related to the binding of the enzime 

50 to the membrane, but these alterations apprently are not sufficient to cause lysis of the cells. 

(c) The crotoxine complex (Crotoxine A - Crotoxine B) presents however a quite selective citotoxic 
action on tumoral cells. 

(d) The applicant's investigations have proved that the Crotoxine A - Crotoxine B complex is capable 
of binding to membranes, so that the limiting step for the action of the crotoxine complex is the dissociation 

55 of sub-units A and B, The necessary condition for the crotoxine complex to exert Its citotoxic action is the 
dissociation of the sub-units in the proximity of the target membrane. The most plausible explanation for 
this differentiated action of the crotoxine complex must reside in the existence of local physiochemical 
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conditions at the level of tumoral cell membranes promoting the drssociation of the complex. Said 
conditions prevailing in tumoral cells should not be sufficient to cause dissociation of the crotoxine complex 
in the proximity of normal cells. 

(e) The changes in plasmatic membranes of tumoral cells has been known since 1958 and there is 
sufficient evidence to suggest that oncogenic agents alter numerous functions of plasmatic membranes 
consequently creating pleiomorphic changes observed in the membranes of said cells, in 1967, STOCKER 
described alterations in adhesiveness and the absence of contact inhibition, although these do not seem to 
be invariable properties in malign tumours (WALLACH. 1973). Similar phenomena occur in electrical 
uncoupling (WAL1J\CH, 1973). The inhibition of contact growth, less prominent tumoral cells (STOCKER. 
1967) and the greater fusogenic capacity (OKADA, 1969; POSTE. 1970) seem to run parallel with malignity. 
The changes in superficial potential of neoplasic cells has been observed in experiments with inner control 
(WALLACH. 1973). as well as changes in permeability (Syiven et aL 1962) and inmunological changes. The 
appearance of new antigenes. embryonary antigenes and deletion of certain selective antigenes in organs 
has been observed in numerous experimental and spontaneous tumours. It is difficult to establish which are 
the specific causes of selectivity. A possible cause may be the proton bomb (ATP-asa which actively 
transports Na' into the cell and H"^ out), induced by one of the growth factors. Selectivity is one of the most 
interesting points of our investigation. The dissociation of the crotoxine complex can be promoted by 
cooperative titration of the crotoxine A carboxylates. Although pH values of approximately 4 are necessary 
to produce dissociation, it must be borne in mind that these results are obtained in the balanced state. The 
prevalent condition in a cell is the stationary state , and therefore the dissociation degrees calculated in 
balanced states may be considerably modified, particularly when gradients occur in restricted volumes with 
diffusion barriers. 

(f) The net result of dissociation of the crotoxine complex in the proximity of tumoral cell plasmatic 
membranes is that crotoxine B binds to the membrane, consequently producing hydrolysis of the 
membrane phospholipids. The hydrolysis products of phospholipase Aa and specially lysophosphatid 
(structure II) have detergent properties (in this regard, the denomination of lysoderivatives is due to lythic 
properties). Thermodynamic and geometric reasons prevent said products from being packed in stable 
laminar structures. In model systems (liposomes) the addition of lysoderivatives (1-3 mmol per 100 mmol of 
phospholipid) determines gross disturbances in permeability (for example), the outlet of saccharose and 
encapsulated cations, usually impervious) and greater concentrations of lysoderivatives determine the 
rupture of the laminar structure and the formation of micellar aggregates. Bearing in mind that biological 
membrane phospholipids contain long chain fatty acids (16 to 24 carbons), the hydrolysis products 
(Structures il and HI) do not abandon the membrane and the increase of their relative concentration brings 
about alterations causing the outlet of mythocondrial and cythopiasmatic marking enzimes into the culture 
medium and morphological alterations (dilatation and rupture of mythocondria and endoplasmic reticula) 
leading to cellular lysis. At present it is not clear whether said alterations result from internatization of the 
enzime or the abrupt changes in the composition and ionic force arising from permeability alterations. 

Conclusions 

The mechanism producing tumoral cell lysis can be explained as the result of enzimatic acitivity of 
crotoxine B. However, the point of greater interest resides in the target selecting mechanism of the 
crotoxine complex. It is considered that the crotoxine complex acts as a circulating deposit of inert crotoxine 
B, manifesting its activity only on cells having physiochemtcai conditions resulting from the dissociation of 
the crotoxine complex and thus being automatically vulnerable to attack by crotoxine B. Under these 
conditions, the tumoral cell would be a more efficient alternative target for capturing crotoxine B. 

In addition, it is important to point out that phosphatidilinositole is among the phospholipids susceptible 
to being attacked by the enzyme. It is known at present that one of the critical signs inducing cellular 
proliferation is hydrolysis of triphosphoionsitids by a membrane C-phospholipase. Hydrolysis products are 
inositoi-tri-phosphate which can act as second messenger and a diglycerid responsible for the activation of 
a quinase protein (C proteinquinase) catalyzins phosphorilation of proteins. The hydrolysis product of 
phospholipase Aa, when acting on phosphatidilinositole is the corresponding lysoderivative. which is not an 
adequate substrate for endogenous phospholipase, and therefore could interfere the cellular proliferation 
mechanism. 
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in accordance with the conventional protocol of the National Cancer Institute (NCI - USA), murine 
tumours melanoma B16, colon tumor 26, Ridgway's ostogenous sarcome and Lewis carcinoma were used 
to evaluate antitumoral activity. In all cases, an increase in the average overiife time was required exceeding 
20% and/or inhibition of local growth greater than 50% to demonstrate activity In comparison with non- 
5 treated controls. Said requirement is slightly lower than that usually required (average overtife exceeding 
25%, growth inhibition exceeding 60%) due to the peculiar sensitivity of mice to the action of this toxine, as 
will be appreciated hereinafter. 

The increase in the overiife average time was between 150% and 300% with 55-80% of survivors after 
90 days with melanoma B16; about 200% with 60-80% survivors with colon tumor 26; 170-200 with 
70 osteosarcome and with Lewis' tumor. 

The crotoxine complex was administered intramuscularly every four days. The result depended on the 
stage of the illness. The animals treated immediately after the implantation of the tumor responded much 
better than those treated when the illness was advanced. 

Oral administration proved to be ineffective. After marking crotoxine B with P^s ^p^j forming the complex 
75 with crotoxine A, it was encapsulated in sphyngomieline liposomes. Under these conditions, measurable 
levels of crotoxine in plasma could be detected after oral administration, but the amount adsorbed varied 
considerably. Consequently, we have discarded at present oral administration. 



20 PHARMACOKINETICS 

Pharmacokinetic studies were carried out using basic phospholipase Ag (crotoxine B) marked with 
and in some cases the complex was doubly marked with or C^^ in crotoxine A by reaction with acetic 
anhydride. 

25 

6.1 Adsorption 

Oral administration proved to be ineffective. After marking crotoxine B with and forming the complex 
30 with crotoxine A, the complex was encapsulated in sphyngomieline liposomes. Under these conditions* 
measurable levels of crotoxine in plasma could be detected after oral administration, but the adsorbed 
quantity varied considerably. Consequently, oral administration has been discarded at present. 

After intravenous injection to mice and rabbits, plasmatic concentration falls rapidly, arriving at 2% of 
the original amount within approximately 30 minutes. About 30% is recovered in urine. 
35 After intramuscular administration, a peak of plasmatic concentration is observed about 30 minutes after 
the injection. Within the hour, plasmatic concentration is reduced to about 10% of the original amount and 
only traces thereof are detected in urine. 



40 6.2 Distribution 

The crotoxine A and B complex is soluble in organic or inorganic solvents. 

Concerning concentration, basic phospholipase As is mainly concentrated in the liver (HABERMANN, 
1972. FRAENKEL-CONRAT et al., 1976), wherein it is degraded, passing to the aminoacids pool. The 
45 introduced mark disappears almost completely between 6 and 8 hours after innoculation. 

According to the result of HABERMANN et al (1972), basic phospholipase A2 or its complex with 
crotoxine A does not gro through the hematoencephalic barrier as the amount of markation measurable in 
cerebrum or spinal medula of mice endovenously innocuiated is negligible. HABERMANN and RAUDE have 
demonstrated that injection in cerebral ventricles produces convulsions. 
50 The above data suggests that crotoxine is distributed extensively, although it has a brief average life 
and no persistent tissue concentrations appear. 

Due to the swiftness with which the organisms catabolyses the complex, distribution studies were made 
administering high doses of marked crotoxine complex (Crotoxine B - P^S) to albicans mice. Two groups of 
animals were sacrified after 30 and 60 minutes after the intravenous administration of 220 ug of crotoxine 
55 complex to determine the concentration or markations in different organs and tissue. Concentrations are 
expressed in Phentomoles (10^2 mmoi). 
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c : Appearance in urine is due to high dosage employed. As the mofecular weight of the complex is of 
30000 same is filtered by the kidney. 



6.3 Biotransformation 



Biotransformation took place in the hepatic gland. 



6.4. Excretion and final metabolytes 

The biotransformation products are aminoacids conduced to the metabolic pool to be employed by the 
organism. Disappear from plasma between 6 to 8 hours after administration. There are virtually no excretion 
metabolytes. 
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Studies carried out on tissue culture 

The mechanism producing lysis in the tumoral cell can be explained as the result of enzymatic activity 
of crotoxine B; however, the point of greatest interest resides In the target selection mechanism (the malign 
5 cell) by the crotoxine complex. 

it is considered that the crotoxine complex acts as a circulating deposit of inert crotoxine B and 
manifests activity only on cells having defined physio-chemical conditions, this resulting in the dissociation 
of the crotoxine complex and in the cell being exposed to the attack of crotoxine B. Under these conditions, 
a neoplassic cell would be a more efficient alternative "target" for capturing crotoxine B. 
70 Essay : To demonstrate the citolythic action of the crotoxine complex on cultured tumoral cells, the 
model (in this case Yoshida's sarcoma) was incubated with: 

1) Crotoxine A during 60 minutes. 

2) Crotoxine B during 60 minutes. 

3) Crotoxine complex during 60 minutes. 
75 4) A control group was observed. 

Results : In the first case, after incubating 60 minutes Yoshida's sarcoma cells with crotoxine A, there 
was no antineoplasic effect, as was to be expected. In the second case (incubation with crotoxine B), lysis 
of malignant and normal cells could be observed within 20 minutes, demonstrating that this fraction is 
responsible for the antineoplasic effect without discriminating among cells. In the third case, after incubating 
20 20 minutes the experimental sarcoma cells with the crotoxine complex, discriminative cellular lysis could be 
observed (only the malignant cell fractions) which reached a maximum at 60 minutes of incubation with 6 x 
10'^ mg/ml of the crotoxine complex. 

Similar essays were carried out on hamster fibroblasts with polyome virus, obtaining similar results. 
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Studies carried out on experimental animals 



In accordance with the conventional protocol of the National Cancer Institute (NCI - USA), the following 
tumours were used to evaluate antitumoral activity: Murine tumor melanoma B16, colon tumour 26. 
30 Ridgway's osteogenic sarcoma and Lewis' carcinoma. All cases required an increase in the average survival 
time exceeding 20% and/or inhibition of local growth exceeding 50% to demonstrate activity in comparison 
with non-treated controls. 

Results : Melanoma B 16: Increase in average survival time between 150 and 300%, 55-80% survivors 
after 90 days. 

35 Colon tumour 26: increase in average survival time of 200%, 60-80% of survivors. 

Ridgway*s osteogenic sarcoma and Lewis' carcinoma; Average survival time increase of 170-200%. 

The crotoxine complex was intramuscularly administered every four days. Results depended on the 
stage of the illness. The animals treated immediately after tumour implantation reacted better than those 
treated when the illness was advanced. 

40 

Clinical Essays 

The following results were obtained four years after treatment of a group of 127 patients bearing 
45 advanced neoplasiae at different localizations. Eighty per cent of the group had received prior treatment of 
the conventional type. 

N° 1 Breast Cancer 

50 

Twenty-five patiens (pts.) were treated, 14 of which obtained complete remission (RC), 7 responded 
partially. 3 exhibited stabilization of the illness and 1 did not improve. 

55 N " 2 Lung Cancer 

Of 1-7 patients, 7 obtained RC, 7 partial remission (RP) and 3 did not improve. 
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N** 3 Pancreas Cancer 

Of six patients treated. 3 responded in a complete manner and 3 in partial manner, 

4 Melanoma 

Of 9 patients treated, 6 achieved RC, 2 RP and one did not respond. 

^ " S Unknown origin primitive carcinoma A 

Sixteen patients were treated, 4 of which responded in a complete manner and 10 in partial manner. 
Two patients were considered non-responsive. 

N° 6 Uterus Cancer 

Of 18 patients treated, 7 achieved RC, 8 RP and 3 were non-responsive. 

N*" 7 Stomach Cancer 

Six patients were treated, 3 achieved RC, 2 RP and one was non-responsive- 

N° 8 Colon Cancer 

Twelve patients were treated. 3 achieved RC. 6 RP and 3 were non-responsive. 

N** 9 Prostrate Gland Cancer 

Of 6 patients treated. 5 responded completely and 1 was non-responsive. 

N**10 Sarcomas 

Of 7 patients treated, 5 achieved complete response and 2 patients were non-responsive. 
40 Said formulations are used in therapeutical dosages, by intramuscular or sub-cutaneous injection or 
infiltrations. 

The preparations can be realised following commercial techniques, such as liquid formulations for 
instance in aqueous vehicles having the usual additives (i.e., physiological solution), solution or emulsion 
eventually with other medicaments such as local analgesics* etc. 
45 The objects and advantages of the present invention are illustrated in the following example, although 
reactive products and amounts detailed therein as well as conditions and other operative details are 
provided by way of example only, it being understood that said example -does not limit the scope of the 
invention. 

50 
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EXAMPLE 

1. Obtainment of the crude complex 

5 500 mg of iyophilised material are suspended in 5 ml of 0.2 M sodium chloride solution, bi-sodium 

ethylen diamine tetraacetate imM, and a buffer of ammonium formiate 20 mM pH 4.0, The solution is 
centrifuged at lOOOO g for 20 minutes in a refrigerated Sorvall RC 2-B centrifuge at 4' C and the yellowish 
and slightly turbid supernatant is aspirated with a plastic syringe coupled to a Teflon tube constitute the 
starting material. 

70 The remainder of the procedure is carried out in cold chamber at 2 - 4''C. 

Step 1: The starting material Is dispersed in a Sephadex G-75 column (Pharmacia Ltd. Uppsala, 
Sweden) measuring 85 x 2.5 cm (417 ml) adapted for ascending flow and pre-balanced with amonium 
formiate buffer 0.1 M, pH 4.5 containing bi-sodium ethylendiamine tetraacetate 0.1 mM. The elution is 
carried out with the same buffer solution, recovering fractions of 3.0 -3.2 ml at a flow velocity of 0.8 - 1.0 ml. 

75 cm^.hour'i. The crude complex is eluted in a value of Kgv (Kav= (V© .Vo)/(Vo -Vt)) of 0.44. 

Fractions containing the crude complez are combined and concentrated by (a) lyophilization and (b) 
freezing, as upon defreezing the complex precipitates in an insolluble manner and it is possible to 
resuspend it by homogeneization in a Potter-Ehlvejen homogeneizer having a Teflon pestle, or by 
ultrafiltration under nitrogen pressure in a chamber provided with a Diaflo UM-10 membrane (Amicon Co., 

20 Bloomington, Ma. USA) to a final volume of about 10 ml. 

li. Separation of sub-units A and B from the crude complex 
25 Step 2: 

The sample obtained in Step 1 is adjusted to a pH of 3.5 with acetic acid and is dispersed in a CM- 
Sephadex C-50 colum (Pharmacia Ltd.. Uppsala, Sweden) having 8 x 2 cm and pre-balanced with a buffer 
solution of ammonium formiate 0.1 M, pH 3-5. Elution is commenced with a buffer solution of ammonium 

30 formiate 0.1 M, pH 3.5 (250 ml) to elute sub-unit A which, under these conditions, is not retained by the 
exchanger. The elutions is continued with a concave molarity gradient of the eluant (350 ml of ammonium 
formiate 1.0 M, pH 3.5) and finally with a linear molarity gradient (110 ml of ammonium formiate 1.0 M, pH 
3.5 + 110 ml of ammonium formiate 3.0 M, pH 3.5), recovering 5 ml fractions at a flow velocity of 34 ml. 
cm2. hour"". The elution diagram is followed, measuring adsorbency at 280 nm of eluted fractions. The last 

35 peak of protein eluted under said conditions corresponds to sub-unit B. 



111. Purification of Sub-units 
40 Step 3: Purification of sub-unit A: 

The fraction firsti yeluted in Step 2 contains sub-unit A. The fractions are combined and dialyzed 
against 1000 ml (x 3 times) of a potassium phosphate (10 mM, pH 6.9) buffer solution. Alternatively, the 
combined fractions are concentrated by ultrafiltration under nitrogen pressure on a Diaflo UM-05 (Amicon 
45 Co., Bloomington. Ma. USA) and balanced with a potassium phosphate (10 mM, pH 6.9) buffer by 
chromatography on Sephadex G-25 (Pharmacia Ltd., Uppsala, Sweden). 

The sample is applied on a DEAE-Sephadex A-50 column (10 x 1,5 cm) pre-balanced with potassium 
phosphate (10 mM, pH 6.9) buffer. Sub-unit A is eluted by means of a linear molarity gradient (100 ml of 
potassium phosphate 10 mM, pH 6.9 + 100 ml sodium phosphate 0,1 mM. pH 6.9). 
50 Fractions containing purified sub-unit A are extensively dialyzed against 100 ml (x 3 times) of CINa 0.15 
M and concentrated by ultrafiltration as previously mentioned. 

The recovery of sub-unit A is of 37.5 mg of protein. Obtained under the above conditions, sub-unit A 
exhibits only one precipitation arc by immuno-electrophoresis over agar gel. 
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Step 4: Purification of Sub-unit 8 

Fractions containing sub-unit B (eluted in last place in Step 2) are combined and the sample is 
iyophilized or dialyzed against 1000 ml (x 2 times) of an ammonium formiate buffer (0.1 pH 3.5) and 
chromatographed again on a CM-Sephadez C-50 column prebalanced with ammonium formiate buffer (0.1 
M. pH 3.5) as described in Step 2 with the exception that, once concluded the concave molarity gradient of 
ammonium formiate up to 0.1 M, the elution is directly continued with ammonium formiate buffer (0.2 M, pH 
3.5) so as to concentrate the active fraction. 

The fractions containing purified and concentrated sub-unit B are extensively dialyzed against 1000 ml 
(x 6 times) of CINa 0.15 M. 

The recovery of sub-unit B is of 75 mg of protein. Obtained under the above conditions and submitted 
to electrophoresis over polyacrylamide gel with sodium dodecylsulphate, it presents two strips with 
mobilities corresponding to mollecular weights of 10000 (monomer) and 20000 (dimer). 

Sterilization of purified sub-units: 

The preparations of sub-units A and B purified in a CINa solution (0.15 M) are sterilized by filtration 
through Millipore membranes in an ultraviolet chamber. 

Recomposition of the complex starting from the purified sub-units: 

Sub-units A and B spontaneously form a complex having a dissociation constant in the order of 10"^^ M 
and same is completed within the first minute after mixture. 

Considering the results obtained in the use of the crotoxine complex for treating advanced cancer, the 
following conclusions are arrived at: 



1 .- From the viewpoint of basic investigations 

a) Conceming the citotoxic action, it has been demonstrated that same is related to the selective 
union of crotoxine to the tumoral cell membranes, respecting those of normal cells. 

b) The final metabolytes of the crotoxine complex integrate the aminoacids pool which, ultimately, 
would be employed by patients suffering malnutrition hypotrophy. 

c) In the use of the crotoxine complex, no antigenic activity has been detected either in animals or 
human beings. 



2.- From the viewpoint of onocologicai therapeutics 

a) Non-specific activity in any type of cancer or its metastasis. 

b) No toxicity effects are produced, either acute, sub-acute or cronically accumulative. 

c) No psycho-organic dependency has been detected. 

d) The complex has a capacity to penetrate and diffuse into any part of the organism where 
neoplasic cells are found. For example, the crotoxine complex traced with Tritum does not go through the 
hematoencephalic barrier, but if tumoral cells are located therein, it penetrates said barrier without 
inconveniences. 

e) At therapeutic dosages, secondary or collateral effects are scarce and disappear after 2 or 3 hours 
from administration. 

f) The complex does not interact with other medicaments, according to the above clinical experience 
with patients undergoing several treatments. 

g) There are no counterindications. Experimental animals submitted to intravenous injection exhibited 
acute tubual nephropathy which, in some cases, caused death. According to the drug pharmacokinetics, as 
the sub-units of the crotoxine complex are low molecular weight proteins (P.M.), same deposit in the renal 
tubules causing irreversible toxic tubulopathy. These results would render intravenous innoculation to 
human beings impracticable. 

h) To date, the following administration routes have been tried and found to be effective and safe: 
intramuscular, intratumoral. peri-tumoral, intracavitary, through fistuiar sections, intrademnically. intrachirur- 
gical and intramucose. 

i) There is no accumulation in' any organ, either before or after metabolization. 
j) It exhibits a large analgesic effect. 

k) No toxicity which could be attributed to tumoral lysis has been observed, such as hyperuricemia, 
hypercalcemia, etcetera. 



12 



^ 0 246 861 



I) Therapeutic effect does not depend on a plasmatic level. 

m) Administration is daily and doe not require a special technique or application procedure, 
n) Administration is carried out in ambulatory conditions, 
o) The drug is not united to plasmatic proteins for transport. 
5 p) No hemolitic charts or coagulapathy has been observed due to use of the drug. 

q) No electrocardiographic alterations or hemodynamic failures have been registered. 

3. - Probable Hidden Metastasis Monitor 

70 

It is important to point out that patients frequently feel pain in the metastasic locations and/or in the 
primary tumor after administration of the drug. Eventually this fact could be employed in the diagnosis of 
hidden metastasis. 

75 

4. - From the Viewpoint of Economy in Public Health 

Low production costs and the possibility of being administered in the domicile of the patients contribute 
to reduce expenses related to inhospital attention to oncological patients. 

20 

Claims 

1. A composition of matter having pharmacological activity and having therapeutic benefits in the 
25 treatment of carcinomes. infectious and inflammatory diseases and endocrine disorders, comprising in an 

administrable form, effective amounts of crotoxine complex sub-units A and B in a suitable carrier. 

2. A composition in accordance with Claim 1, in injectable form, which also comprises cobrame or 
melitine as analgesic component. 

3. A composition in acccordance with Claim 1 or 2, wherein in said complex structure and properties of 
30 active locus of B sub-unit are maintained and toxicity thereof is inhibited, 

4. Procedure for obtaining crotoxine complex sub-units A and B, characterized in that it comprises 
separating by chromatography the crotoxine complex from crude venom of Crotalus Durissus Terrificus ; 
concentrating the reunited fractions formed by eluting the absorbed crotoxine complex; dispersing in 
aqueous medium an insoluble product precipitated in said concentration stage; fractioning said sub-units A 

35 and B by chromatography of said" dispersion in an adsorption column and eluting sub-units A and B with a 
buffer solution e.g. of ammonium formate having a pH of about 3.5; and purifying the separated eluted 
fractions containing said sub-unts A and B, and eventually mixing said units to form the crotoxine complex. 

5. Procedure in accordance with Claim 4, characterized in that the venom chromatography is carried out 
on a Sephadex C-75 column and the fractional chromatography of substances A and B is carried out on a 

40 CM-Sephadex C-50 column. 

6. Procedure in accordance with Claim 4 or 5, characterized in that the eluant of sub-unit A is a solution 
of ammonium formate of approximately 0.1 M and having a pH of about 3.5. and that the separation of sub- 
unit B proceeds following the elution of sub-unit A with a solution of ammonium formate 0.1 M and pH of 
about 3.5 and ammonium formate of about 1 M and pH of about 3.5 in a volumetric ratio of 3.5/1 with a 

45 concave molarity gradient of said eluent and later with a solution of ammonium formate of about 1 .0 and pH 
of about 3.5 and ammonium formate of about 3.0 M and pH of about 3.5 in a volumetric ratio of about 1:1 
with linear molarity gradient, recovering the adsorbency elution fractions at 280 nm as a fraction containing 
the sub-unit B. 

7. Procedure in accordance with Claim 4. characterised in that the purification of sub-unit A is carried 
50 out by dialyzing the eluted fraction containing said sub-unit which, once concentrated by dialysis, is 

concentrated by chromatography e.g in a DEAE-Sephadex A-50 column, and subsequently eluted with a 
mild solution of ammonium phosphate and ammonium formate have a pH of about 6.9, the eluted fractions 
containing purified sub-unit A being concentrated by dialysis and subsequent ultrafiltration. 

8. Procedure in accordance with Claim 4, characterized in that the purification of sub-unit B is carried 
55 out concentrating the eluted fractions by dialysis or lyophilization. chromatographing again on a CM- 
Sephadex C-50 column, eluting with concave gradient as stated in Claim 6. continuing the elution with a 
mild solution of ammonium formate of about 2.2M and pH of about 3.5, and dialyzing the combined 
fractions to form a fraction containing the purified sub-unit B. 
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9. The use of crotoxine complex sub-units A and B for the manufacture of a medicament for the 
treatment of carcinomas and vascular, infectious or endocrinous illnesses such as diabetes, and for treating 
pain in general. 

10. A process for preparing the pharamceutical composition in acordance with claim 1. which comprises 
mixing therapeutically effective amounts of crotoxine complex sub-units A and B with a pharmacologically 
acceptable vehicle. 
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